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Progressive movement from agriculture to an industrialized economy has 
resulted urbanization everywhere. Yet, this comes along with incidence of flash flood in 
urban area which is not longer to be surprised by Malaysians. Due to the paucity of data 
in the literature, this study aimed to determine the effect of angle of buffer for Storm 
flow regulator in controlling peak discharge. To understand the effect of angle of buffer 
in reducing the discharge at downstream, the storm flow regulator experiments were 
carried out in the self-circulating hydraulic flume. Three designed angles (30°, 60°, and  
90°)  with three different flow conditions (High, medium, and low) were included in this 
study. Results showed that all the designed angles with different flow conditions do 
reduce the discharge at downstream. 90° in high flow condition showed the greatest 
discharge reduction followed by 60° and 30°. Yet, it was reported that, 60° of storm 
flow regulators shown not much difference of downstream discharge reduction when 
comparing to the 30°. Besides that, all the designed buffer angles also been noticed that, 
the upstream flow becoming more subcritical with showing increasing of upstream 
depth and a detention property to detent a certain amount of water before flowing to 
downstream. Meanwhile, downstream flow depth decreased greatly and it changed from 
subcritical (without the flow regulator) to supercritical (with flow regulator). In 
additional, this study also reported that the head loss of the 90° flow regulators marked 
the highest in which contributing to the reduction at downstream of the channel. 
Therefore, with the findings, 90° flow regulator showing the optimum configuration of 











Transformasi daripada sektor pertanian ke sektor perindustrian telah 
mewujudkan pembandaran di merata-rata kawasan. Namun, transformasi ini juga 
meningalkan impak negatif seperti banjir kilat terutamanya di kawasan bandar seperti di 
Klang, Selangor. Kajian ini dijalankan untuk mengenalpasti impak sudut penghalang 
“Storm flow regulator” dalam  mengawal pengaliran air. “Storm flow regulators” telah 
diletakkan dalam flum hidraulik di Makmal Hidraulik UNIMAS untuk mengenalpasti 
impak sudut penghalang dalam mengurangkan pengaliran di bahagian hilir saluran.  
Kajian ini dijalankan dengan menggunakan tiga jenis sudut (30°, 60° ,and  90°) 
penghalang dengan kondisi aliran yang berbeza (Tinggi, Sederhana, dan Rendah). Hasil 
kajian ini menunjukkan semua sudut penghalang yang digunakan dalam kajian ini dapat 
mengurangkan aliran air di bahagian hilir untuk kondisi aliran yang berlainan. Sudut 
90° ketika aliran tinggi menunjukkan pengurangan aliran air yang terbanyak diikuti 
dengan sudut 60 dan 30°. Sejajar dengan itu, sudut 60° telah menunjukkan sedikit 
pengurangan aliran air berbanding dengan sudut 30°. Selain itu, kajian ini juga 
menunjukkan aliran air di bahagian hulu menjadi semakin subkritikal dengan 
menunjukkan peningkatan dalam kedalaman air di bahagian tersebut. Di samping itu, 
bahagian hulu juga menunjukkan sifat detensi yang menjadikan bahagian hulu sebagai “ 
takungan sementara” sebelum air mengalir ke bahagian hilir. Pada masa yang sama, 
kedalaman air di bahagian hilir telah menunjukkan pengurangan yang jelas dan jenis 
aliran telah bertukar daripada subkritikal ke superkritikal apabila “Storm flow regulator” 
dipasang. Sehubungan itu, sudut 90° juga menunjukkan “head loss” yang tertinggi 
berbanding sudut pengalang lain yang digunakan. Kesimpulannya, sudut 90° sebagai 
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Development in Malaysia has progressed rapidly since independence in 1957. 
Progressive movement from agriculture to an industrialized economy has shifted the 
population into urban centers which it has resulted in population growth in the urban 
area. Today, Malaysians are no longer surprised with news about flash floods. A flash 
flood can be defined as “a flood that threatens damage at a critical location in the 
catchment where the time for the development of flooding from upstream is less than 
the time to activate warning, flood defense, or mitigation measures downstream of the 
critical location” (Sene, 2008). There is little warning before the onset of flash flood. 
According Hashim and Rainis (2003), most urban communities in Malaysia have 
experienced flash flood after high intensity of storm events. The latest hit was on the 
east coast during end of 2014 with up to 200,000 peoples affected and 21 killed 
(Dzulkifli, 2016). This sudden increase fluctuating amount of surface runoff can be 
explained in term of urbanisation of a catchment (Abas & Hashim, 2014). As a land 
surface is developed for urban use, the area is converted from natural state to a totally 
people modified with increasing the impermeable surface. The term impermeable 
surface may refer to roads, parking lots, roof tops in the urban area which prevent 
rainfall to infiltrates into ground. Due to this, the peak flow and the volume of the runoff 




Figure 1.1: Hydrograph changes due to urbanisation (Hashim & Rainis, 2003) 
 
Rao et al. (1972) found that an increase in the area of imperviousness from 0 to 40 
percent would increase its magnitude of runoff by 90 percent and approximately halve 
the time to peak discharge. The significant increment of peak discharge and total 
volume was exceeding the drainage system‟s design capacity. Consequently, this causes 
the drainage failure and results in flash flood in urban basin. 
In order to increase a catchment‟s flood resistance level, urbanised catchment 
can be adapted to tackle these hydraulic issues by transporting, attenuating, evaporating 
and infiltrating the surface water runoff with the goal of decreasing flood volumes and 
managing the conveyance of flows to within acceptable flow rates (Newton, Jarman, 
Memon, Andoh, & Butler, 2014). These includes detention facilities, retention facilities 
and lengthen or increasing the size of the storm sewers. Yet, not all of these methods are 
applicable to all catchments. For example, underground storage facilities are expensive 
to construct and are not easily maintained (United State Environmental Protection 
Agency, 1999). Apart from that, another current practice such as the installation of on-
site detention facilities required a large area which has contributed one of the limitations 
to small sites or highly developed areas. Moreover, the installation of retention facilities 
such as infiltration trench, porous pavement, soakaway pit and infiltration basin cannot 
be managed alone when the soil‟s infiltration rate is inadequate. This limitation is 
obvious when Shaari et al. (2016), found that 70% of the soil samples collected from 
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Kota Bharu, Kelantan, Malaysia exhibits low permeability and only 5% of the soil is 
constituted of high permeability. 
Due to the limitations of the current practices in the existing urban catchment, 
flow controls devices such as Vortex Flow Controls (VFC), orifice plates, penstocks, 
and weirs have been implemented in existing sewer infrastructures to reduce the peak 
discharge. Therefore, presented here are findings from a flume study regarding a new 
flow control device that has the potential to reduce flood risk by increasing the flood 
resistance. 
 
1.2 Problem Statement 
 
The flooding events that have been at the forefront of the news over this decade 
have highlighted the requirement for more effective urban storm water management 
controls. Despite the Department of Irrigation and Drainage (DID) Malaysia has 
introduced Manual Saliran Mesra Alam (MSMA) for urban stormwater management, 
certain limitations such as high cost installation, large land area required, etc has limited 
people to implement solutions that have been introduced. A simple yet effective urban 
stormwater regulator is needed to attenuate flood flows or reduce the peak discharge. 
Khairunnisa (2016) found that her design prototype with buffers were able to retard the 
flow and reduce the peak discharge. The buffers in her prototype were designed 
perpendicular to the direction of flow. However, no work has been reported for other 
angles of the buffers, e.g. 30°, and 60°. The degree of curve angle is related to the flow 
resistance (Leopold, 1994). This will eventually affect the downstream discharge. Thus, 
this thesis is to further research the prototype with the aim of finding the effect of angle 




The objectives of this thesis are as follows: 
 To determine the effect of angle of buffer in discharge reduction. 
 To determine the optimum configuration of the buffer in term of the 
performance of storm flow regulator. 
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1.4 Scope of Study 
 
In this thesis, the effect of angle of the buffer in the designed storm water 
regulator to attenuate the storm water discharge in an open channel is studied. An open 
channel is simulated into tilting flume and the material used in the prototype of 
proposed storm water regulator is timber as it is easy to construct and low cost. The 
prototype is designed such a way that by applying the concept of meandering flow, and 
flow retention for temporary storage. The input for this experimental work is the storm 
water regulator prototype design angle of buffers while the output is the velocity which 
is used to determine the flow rate, types of flow, head loss as well as the detention 
property after installing the storm water regulator. These will indicate the potential of 
the prototype to attenuate the storm water in open channel.  
 
1.5 Thesis Outline 
 
This thesis is organized as follow.  
Chapter 1: The introduction and general discussion of the research of the study; 
factors of flash flood occurrence or peak discharge; methods to 
reduce the peak discharge and the limitations. This chapter also 
presents the problems statement, objectives as well as scope of 
study. 
Chapter 2: This chapter will include the literature relating to the study. A 
review of literature of open channel flow, urbanisation, as well as 
the storm water managements particularly by DID. Besides that, the 
principle of flow reduction will be also discussed in this chapter. 
This will give a better understanding to reader of what the study 
about. 
Chapter 3: This chapter will include the methodology used in the current study. 
The prototype model is further described in this chapter along with 
the methodology. Relevant formulas and equations as well as 
important calculations from the data obtained will also be presented 
in this chapter. 
